Since the dome experiences the convective heat loading, thermal stress will be generated in the thickness direction. Thus, estimation of the thermal shock and analysis of the thermal shock resistance of the dome are the key to the design of the dome. In this paper, thermal shock resistance of CVD ZnS dome is analysed based on the flight condition of 6000m altitude and 3.0 Mach. We obtained the critical Reynolds number through a rockets pry experiment, which deduced that there exits a transition from laminar flow to turbulent flow at somewhere over the dome. We calculated the heat transfer coefficient over dome through heat transfer coefficient engineering formula of high-speed sphere with turbulent boundary layer near the stagnation point. The largest heat transfer coefficient is 2590W/(m 2 .K). Then, we calculated the transient thermal stress of dome by using the finite element method.
INTRODUCTIONS
The infrared guidance in the optical guidance system is activated by detaching the dome cover in the terminal guidance. When the dome cover is detached, the infrared dome will be directly exposed to the aerodynamic heating environment. Since the dome experiences the convective heat loading, thermal stress will be generated in the thickness direction. When thermal stress exceeds the allowable strength of the dome material, the thermal shock will result in the fracture of dome [1] . Thus, estimation of the thermal shock and analysis of the thermal shock resistance of the dome are the key to the design of the dome.
The maximum heat flux is at the stagnation point of dome in the laminar flow, while in the turbulent flow, the summit heat flux at the transition point is twice or three times larger than that at the stagnation point [2] . Thus, for the decrease the thermal loading, spherical domes with small diameters are usually chosen to ensure the domes work in laminar flow. Analysis on the thermal shock resistance of infrared dome by Claude A. Klein from Raytheon Corp. is conducted in the condition of laminar flow [3] . However, with the increase of the flying speed, decrease of the flying height, the domes of optical guided aircrafts will work under turbulent flow. It is quite difficult to calculate the summit heat flux in the turbulent flow accurately. Limited by the computation source, mesh quality and calculation method, the reliability of the results calculated from numerical methods without the correction by the flight data is questionable.
Thus, a reliable calculation method to estimate the summit heat flux is essential to the analysis of the thermal shock resistance of the dome.
In this contribution, the convection heat transfer loading of the spherical dome with zero angle of attack is calculated with flight height of 6000m and flight speed of 3.0 Mach. Based on the critical Reynold's number obtained from rocket sled testing, we conclude that turbulent flow exists on the dome in our calculations. In this work, the heat transfer coefficient engineering formula of high speed sphere with turbulent boundary layer near stagnation point was employed to calculate the heat transfer coefficient over the dome. The boundary layer edge flow parameter was obtained from the Newton's pressure formula modified by Lees and isentropic flow relationship behind the normal shock wave.
The results calculated by the method implemented in this work are accurate and reliable.
The crystal structure of CVD ZnS is cubic, which ensures good thermal shock resistance and fracture toughness and endures the applications of CVD ZnS under the aerodynamic heating condition [4] . In this work, finite element 
CALCULATION OF HEAT TRANSFER COEFFICIENT OF DOME

Distribution of surface heat transfer coefficient of high speed sphere
The distribution of surface heat transfer coefficient of spherical dome with zero angle of attack is calculated in this work. For high speed sphere with stagnation point in turbulent flow, the distribution of Stanton number St on the surface can be expressed as [5, 6] :
where x is the curvilinear coordinates in the tangential direction of the external surface of the dome, and the origin is the
u are the molecule viscosity coefficient (slug/(ft·s)), density (slug/ft The surface heat transfer coefficient of the dome st h is [6] :
where 7.728
is the isobaric heat capacity of the inflow.
Calculation of flow parameters at boundary layer edge
The calculation flow parameters at the boundary layer edge can be calculated in SI unit. The pressure 2 p (Pa) behind the normal shock wave is [7] :
where γ=1.4 is the ratio of heat capacity, M, a are the pressure and Mach number of inflow. The density 2 ρ (kg/m 3 ) behind the normal shock wave is [7] :
The Newton's pressure coefficient max p C modified by Lees is [7] :
The distribution of pressure coefficient p C along the surface of dome is [7] :
where θ (rad) is the angle between surface of dome and symmetric axis. Then we can obtain the following relationship:
Using the isentropic flow relationship behind the normal shock wave, the density at the edge of boundary layer can be calculated by [8] : 
where e p (Pa) is the pressure at the edge of boundary layer [8] :
According to the equation of state of the ideal gas, the static enthalpy e h (J/kg) at the edge of boundary layer is [8] : 
Substituted (9), (10), (11) and (14) into (13), we can get:
Then we can obtain the following relationship:
The molecule viscosity coefficient at the edge of boundary layer can be calculated from Sutherland equation [7] : After unifying the unit, the Stanton number of the dome can be calculated by substituting (8) , (9), (16) and (17) into (1) . And the heat transfer coefficient over the dome can be calculated by substituting (1) into (2) . The distribution of the heat transfer coefficient for the dome work at flight height of 6000 m and flight speed of 3.0 Mach is shown in Figure   1 . The transverse axis is θ, the longitudinal axis is the heat transfer coefficient (the unit is W/(m 2 ·K)). The largest heat transfer coefficient is 2590 W/(m 2 ·K). 
where w T is the temperature of the dome surface.
The temperature at the edge of the boundary layer calculated from Eq. (12) is shown in Figure 2 (a). When the initial temperature of the dome surface w T is set to 300K, the distribution of heat flux calculated from Eq. (18) is shown in Figure 2 (b). The transverse axis is θ. 
TRANSIENT TEMPERATURE AND THERMAL STRESS DISTRIBUTION OF DOME
The transient temperature and thermal stress distribution of the dome is calculated by finite element method. For simplicity, the heat transfer coefficient of the dome surface is set as 2600 W/(m 2 ·K). The initial temperature of the dome is set as 300 K. The environment temperature is set as 650 K, which is the temperature at the edge of the boundary layer where the heat flux is the largest. The properties of CVD ZnS are shown in Table 1 . The internal temperature and thermal stress of dome at the time of 1s are shown in Figure 3 Since the thermal conductivity of CVD ZnS is rather low, the heat cannot be transferred through dome immediately. The effective heat transfer layer of the dome is thin. The temperature gradient in this heat transfer layer is high, which cause high thermal stress in the thickness direction., as shown in Figure 3 . The highest thermal stress is located at the highest temperature point of the dome. With the heat transfer continues, the temperature gradient increases to summit and then decreases. The highest temperature and highest thermal stress at different times are shown in Figure 4 (a) and Figure 4 (b).
The highest thermal stress corresponding to different highest temperatures is shown in Figure 6 . 
THE HIGH TEMPERATURE FLEXURAL STRENGTH OF CVD ZnS
The room temperature and high temperature flexural strengths are measured by three-point bending method. The facility consists of universal test machine and furnace. The facility is shown in Figure 5 . found that the flexure strength of CVD ZnS, which is about 95MPa, is little affected by temperature. Figure 6 : Distribution of flexure strength and the largest thermal stress with respect to temperature As shown in Figure 6 , the smallest safety factor is larger than 1.75, which indicates that there is a margin of safety for dome flying under the condition considered in this work.
CONCLUSIONS
In this work, the heat transfer coefficient, transient temperature and thermal stress were calculated and the high temperature flexural strength testing was conducted. It is concluded that the thermal shock resistance of the dome made by CVD ZnS is capable for the flight condition considered in this work. The theoretical and experimental results provide an example for the analysis of dome working under other flight conditions.
